Listeners' ability to understand speech in adverse listening conditions is partially due to the redundant nature of speech. Natural redundancies are often lost or altered when speech is filtered, such as done in AI/SII experiments. It is important to study how listeners recognize speech when the speech signal is unfiltered and the entire broadband spectrum is present. A correlational method ͓R. A. Lutfi, J. Acoust. Soc. Am. 97, 1333-1334 ͑1995͒; V. M. Richards and S. Zhu, J. Acoust. Soc. Am. 95, 423-424 ͑1994͔͒ has been used to determine how listeners use spectral cues to perceive nonsense syllables when the full speech spectrum is present ͓K. A. Doherty and C. W. Turner, J. Acoust. Soc. Am. 100, 3769-3773 ͑1996͒; C. W. Turner et al., J. Acoust. Soc. Am. 104, 1580-1585 ͑1998͔͒. The experiments in this study measured spectral-weighting strategies for more naturally occurring speech stimuli, specifically sentences, using a correlational method for normal-hearing listeners. Results indicate that listeners placed the greatest weight on spectral information within bands 2 and 5 ͑562-1113 and 2807-11000 Hz͒, respectively. Spectral-weighting strategies for sentences were also compared to weighting strategies for nonsense syllables measured in a previous study ͑C. W. Turner et al., 1998͒. Spectral-weighting strategies for sentences were different from those reported for nonsense syllables.
I. INTRODUCTION
Many of the spectral and temporal cues in speech provide redundant linguistic information ͑Rosen and Fourcin, 1986͒. This redundant nature allows for speech to remain robust even in adverse listening conditions, such as when speech signals are manipulated in the laboratory temporally ͑Calandruccio et Jenstad and Souza, 2005͒ and spectrally ͑Baer and Moore, 1997; Greenberg et al., 1998; Shannon et al., 1998; Warren et al., 1995; Warren et al., 2004͒ . Filtering a signal is one of the more common experimental methods used to estimate a listener's use of spectral information in speech. However, one limitation in using this method is that it can also reduce or alter the natural redundancies in speech.
The Articulation Index ͑AI; ANSI, 1969͒, later revised and renamed the Speech Intelligibility Index ͑SII; ANSI, 1997͒, is one method that has been used to predict speech intelligibility of filtered speech. Originally developed for and tested on listeners with normal hearing, the AI assumes that speech intelligibility increases with increases in audibility ͑Fletcher and Galt, 1950; French and Steinberg, 1947͒ . This method has been used for a wide variety of applications, from predicting speech intelligibility over communication systems ͑Steinberg and Gardner, 1937͒ to predicting hearingaid candidacy ͑Humes, 1991; Mueller and Killion, 1990; Pavlovic, 1991͒ . The AI/SII is calculated based on the system transfer function, noise, and speech level of specific speech material. System transfer functions, or frequencyimportance functions, are determined by testing speech recognition for speech materials using a series of low-and highpass filter conditions. However, in natural-listening environments listeners typically do not listen to filtered speech, rather they have access to the entire ͑broadband͒ speech spectrum.
The correlational method ͑Lutfi, 1995; Richards and Zhu, 1994͒ has been shown to be a viable method in determining how listeners weight spectral information. Doherty and Turner ͑1996͒ were the first to use a correlational method with speech stimuli while listening in a broadband listening condition. Application of a correlational method requires the signal to be degraded in some manner. The degradation of the stimulus is essential when applying a correlational method so that the level of degradation can be correlated with the listener's performance. For example, to degrade the spectral information in speech a noise can be added to the signal at various signal-to-noise ratios ͑SNRs͒. If performance decreases with increases in SNR it suggests that the spectral information was important for speech recognition. However, if performance remains unchanged as the SNR increases then the spectral information contributed little to the listener's recognition. A point-biserial correlation is used to assess the relationship between a listener's response on a task ͑either incorrect or correct͒ and the degradation in the stimulus ͑SNR͒. The higher the correlation between these two values ͑the listener's performance and the SNR in an individual frequency band͒, the stronger that specific component in the signal is assumed to contribute to the listener's performance on the listening task. The relative contribution, or weight of each frequency band in the signal, is referred to as the listener's weighting strategy. Doherty and Turner ͑1996͒ reported that weighting strategies for nonsense syllables were similar across a group of normal-hearing listeners.
Turner et al. ͑1998͒ later compared the correlational method and AI method by contrasting frequency-importance functions and listeners' weighting strategies for nonsense syllables from the Nonsense Syllable Test ͑NST; Levitt and Resnick, 1978͒ . Specifically, they filtered stimuli from the NST into four adjacent frequency bands of equal intelligibility based on previously reported AI frequency-importance functions ͑Dirks et al., 1990͒. Thus, each of the four bands contained approximately equal importance ͑i.e., 0.25 of the total intelligibility was provided by each band͒ and in isolation should produce the same relative "weight," or contribute equal information on the NST recognition task. However, listeners did not weight each band equally, but consistently weighted the first ͑1120 Hz and below͒ and third ͑2250-3500 Hz͒ frequency bands the greatest. Therefore, estimates of the effect of spectral information on nonsense syllable recognition differ depending on whether the AI ͑fil-tered͒ method or the correlational ͑broadband͒ method is used.
The correlational method has also been used to measure spectral shape discrimination ͑Lentz and Leek, 2002͒, temporal envelope cue discrimination ͑Apoux and Bacon, 2004͒ and cochlear implant channel weighting strategies ͑Mehr et al., 2001͒. Of the studies that have examined speech, all have used NST stimuli. To date, spectral weights have not been obtained using the correlational method for word or sentence materials, which would more closely represent everyday listening conditions. Therefore, the present study was designed to obtain listeners' spectral-weighting strategies for sentence stimuli.
The two main goals of this study were 1͒, to determine how listeners use information in sentences while having the entire speech spectrum available ͑i.e., in a broadband listening condition͒ ͑Experiment I͒, and 2͒, to compare weighting strategies for sentence stimuli to those obtained for the NST stimuli reported in Turner et al. ͑1998͒ ͑Experiment II͒. Listeners' weighting strategies for sentences, measured using a correlational method, will provide insight into how listeners use spectral information in more naturally occurring listening conditions.
II. EXPERIMENT I
A. Methods
Subjects
Spectral-weighting strategies for sentences using a correlational method were measured on 15 listeners with normal hearing, age 18-28 ͑mean age 23; eight females and seven males͒, with normal audiometric thresholds Յ15 dB HL at 250-8000 Hz ͑ANSI, 2000͒ bilaterally. Pure-tone audiometric thresholds were recorded via a GSI-16 audiometer ͑Grason-Stadler; Madison, WI͒ using standard audiometric procedures ͑ANSI, 2004͒. All participants were native speakers of American English.
Speech material
Harvard/IEEE ͑IEEE, 1969͒ sentences spoken by a female speaker ͑recorded by Galvin and Fu, 2003͒ were used for all speech testing. There are 720 Harvard/IEEE sentences ͑72 lists ϫ 10 sentences͒ that portray everyday conversational low-contextual speech. Each sentence has five keywords used for scoring.
Experimental conditions
Spectral-weighting strategies were obtained for Harvard/ IEEE sentence stimuli filtered into five adjacent equally intelligible bands based on previously reported importance functions for sentences. That is, the bandwidth of the five bands was chosen so that each band would provide an importance value of approximately 0.20. Five bands, rather than the four bands used by Turner et al. ͑1998͒ , were chosen in order to increase the frequency resolution of the weighting strategy measurement. Frequency-importance functions are not available for Harvard/IEEE sentence stimuli. To the best of our knowledge, frequency-importance functions for sentence materials only exist for two sentence recognition tests, the Connected Speech Test ͑CST; Cox, Alexander, and Gilmore, 1987; Sherbecoe and Studebaker, 2002͒ and the Speech Perception in Noise ͑SPIN͒ Test ͑ANSI, 1997; Bell, Dirks, and Trine, 1992͒ . Both the CST and the SPIN tests have a limited number of sentences ͑Ͻ500 sentences/test͒, and therefore were not appropriate for the number of trials required in the present study. Because the CST and the SPIN have slightly different frequency-importance functions, pilot testing was conducted on four listeners using two sets of bandwidths, one based on the CST and the other based on the SPIN frequency-importance functions. Two of the piloted listeners were tested using the CST bandwidths, and the other two piloted listeners were tested using the SPIN bandwidths. The relative shape, based on qualitative judgments, of the listeners' weighting strategies for the Harvard/IEEE sentences did not change regardless of which set of cutoff frequencies were used. Specifically, listeners placed the greatest weight on the spectral information in bands 2 and 5 in comparison to the other three spectral bands. Thus, generating upper and lower cutoff frequencies for the five spectral bands based on the frequency-importance data for either of these two speech materials did not affect the relative shape of our listeners' weighting strategies for the Harvard/IEEE sentences. Therefore, either set of cutoff frequencies could have been used for Experiment I. For this study the cutoff frequencies for the spectral bands were selected based on a combination of the CST and SPIN frequency importance functions ͑see Table I͒. Rectangular finite impulse response ͑FIR͒ filter algorithms with less than 0.5 dB of passband ripple, over 60 dB of stopband attenuation and a 20 Hz transition region were created in MATLAB ͑MathWorks; Natick, MA͒ to filter the sentences and a spectrally shaped noise ͑16 bit, 22 kHz sampling rate͒, which was matched to the long-term average speech spectrum ͑LTASS͒ of the Harvard/IEEE sentences. The spectrally shaped noise was generated in MATLAB by passing a Gaussian white noise through an FIR filter with a magnitude response equal to the LTASS of the 720 sentences.
On each trial a specific SNR from a predetermined range was assigned to each of the bands relative to the level of the speech signal within that band. Throughout testing, five different SNRs were used for each listener. The range of these SNRs was 13 dB wide with a 3 dB step size. For example, the SNRs used for one listener ranged from −14 to −2 dB, which included SNRs of ͓−14, −11, −8 , −5 , −2͔. On each trial, one of these SNR values was randomly assigned to each band independently of the other bands. Therefore, on a given trial, the same SNR could be assigned to more than one band. However, within each specific band the SNRs were sampled without replacement. As a result, all five possible SNRs were presented 120 times in each band. In this paper the SNR range will be identified by the SNR midpoint, or the middle value within the SNR range. Thus, in the previous example the SNR range would be defined as −8 dB. The midpoint of the SNR range varied across listeners to generate overall performance scores between 60 and 80% correct. A PC and Tucker-Davis Technologies ͑TDT; Alachua, FL͒ digital signal processor ͑DSP͒ board were used to generate the stimuli. A schematic diagram is shown in Fig. 1 to illustrate how 1͒ the speech and noise were filtered into five frequency bands, 2͒ in each respective band the noise and speech were combined at randomly assigned SNRs from a specific SNR range and 3͒ the five speech and noise bands were recombined to result in a noisy sentence.
Procedure
Listeners were seated in a sound-treated booth 1 m in front of the custom-made loudspeaker with a flat frequency response through 11,000 Hz. Signal level was controlled by a Crown D-75 amplifier and the long-term average rms of the speech level of the Harvard/IEEE sentences was fixed at 75 dB sound pressure level ͑SPL͒. Listeners were asked to repeat the sentence they had just heard and an examiner outside of the booth scored the listeners' responses online. Listeners' responses were also digitally recorded using an Olympus WS100 Digital Voice Recorder and were later rescored for reliability offline. Subsets of 30 sentences ͓150 keywords ͑30 sentences ϫ 5 keywords͔͒ were used to adjust the SNR midpoint to force listeners' performance scores between 60 and 80% correct on the task. All further testing was performed using the SNR range corresponding to this midpoint. Listeners' spectral weighting strategies were based on scores from 600 sentences ͓3000 keywords ͑600 sentences ϫ 5 keywords͔͒. Testing took approximately 3 h and was collected in one or two sessions, dependent on the listener's ability to attend to the task.
B. Analysis
For each trial the following data were recorded: the SNR for each band, the sentence played, the listener's verbal response, and a score for all five keywords of 0 or 1 for each incorrect or correct response, respectively. Weights were derived using a point-biserial correlation between the SNR for a given spectral band and the listener's correct and incorrect responses. Listeners' responses to the words were either correct ͑scoreϭ1͒ or incorrect ͑score= 0͒. A point-biserial correlation estimates the strength of the relationship between a dichotomous nominal scale and an interval ͑or ratio͒ scale ͑Brown, 1998͒. For example, if a listener's response was always correct ͑score= 1͒ with high SNRs in band 1 and incorrect ͑score= 0͒ with low SNRs in band 1 then the correlation, and therefore the weight, would be high for band 1. To perform the point-biserial correlation, 3000 responses Figure 2͑A͒ illustrates NH1's performance as a function of SNR. NH1's performance on the sentence recognition task was correlated with SNR for each of the five spectral bands. The stronger the correlation, the greater that band contributed to the listener's performance on the task ͓see Fig. 2͑B͔͒ . Each listener's correlations were normalized to sum to one to allow for comparisons to be made across listeners and are thus referred to as their "relative" weighting strategy. As in Doherty and Turner ͑1996͒ and Turner et al. ͑1998͒ a graph of the normalized correlations for each frequency band will be referred to as the listener's weighting strategy.
C. Results
The point-biserial correlation coefficients for the five bands for all 15 listeners who participated in Experiment I are shown in Table II . The SNR midpoint value ranged from −9 to −6 dB across listeners. Listeners' overall performance scores ranged from 61 to 81% correct. All listeners had a similar weighting strategy in that they placed the greatest weight on bands 2 ͑562-1113 Hz͒ and 5 ͑2807-11,000 Hz͒. Simple linear regression analyses indicated a significant relationship between SNR and performance for all five bands ͑ p values ranging from 0.0052 to Ͻ0.0001͒. Throughout this paper, statistical significance was determined using an alpha level Ͻ0.05. Post-hoc testing of the equality of regression coefficients ͑Chiswick and Chiswick, 1975͒ indicated that the weighting for bands 2 and 5 was significantly greater from those of bands 1, 3, and 4; however, the weights on these three bands were not significantly different from each other. Also, there was no significant difference between the weights for bands 2 and 5. Individual listener data all fol- lowed the same trend, thus the normalized correlation coefficients were averaged across listeners and are shown in Fig.  3 . Regression analyses were performed on weighting strategy data to determine the minimum number of trials needed for listeners' weighting strategies to become stable. A stable weighting strategy was defined as the number of trials needed for the weighting strategy to remain approximately unchanged with the addition of more trials, e.g., a stable weighting strategy by 200 trials meant that the relative weighting strategy shape was the same for trials No. 1-200 as for No. 201-400 and so forth. All 15 listeners who participated in Experiment I demonstrated stable weighting strategies after approximately 200 trials ͓1000 keywords ͑200 sentencesϫ5 keywords͔͒ ͑p values ranging from 0.1348 to 0.9679 across the five bands͒. To assess the reliability of the weighting strategy for a given listener, two separate weighting strategies were derived using the first 300 and last 300 trials for all 15 listeners ͑see Fig. 4͒ . Weighting strategies were consistent across the first and last half of the trials for all listeners.
To insure that the position of the keyword and the number of keywords scored in each sentence did not change the relative shape of the weighting strategy, three separate weighting strategies were computed for keywords positioned in the first ͑initial͒, third ͑middle͒ and fifth ͑final͒ position for all 15 listeners. These weighting strategies were based on 600 keywords ͑600 sentencesϫ1 keyword position͒. The position of the keyword had minimal affect on the relative shape of the listener's weighting strategies ͑see Fig. 5͒ . Testing of the equality of coefficients in a regression analysis indicated no significant differences between the first and third keyword position ͑p values ranging from 0.092 to 0.921͒ and the third and fifth keyword position ͑p values ranging from 0.227 to 0.500͒. There was also no significant difference seen in bands 1-4 between the first and the fifth keyword position ͑p values ranging from 0.174 to 0.985͒, however, there was a significant difference in band 5 between the first and fifth keyword position ͑p = 0.004͒.
To determine whether correct responses were independent across keywords an additional analysis was conducted in which scores were based on a sentence-by-sentence basis and not on each individual word. That is, a correct score ͑1͒ would require the listener to get all five keywords in each sentence correct; otherwise their score would be incorrect ͑0͒ for that particular sentence. This analysis was completed for six listeners ͑see Fig. 6͒ . Regression analyses indicated no statistical differences between the two types of scoring methods across all five bands ͑p values ranging from 0.423 to 0.907͒.
One listener ͑NH17͒ was tested using two different SNR midpoints ͑−13 and −8 dB͒ to insure that overall performance did not impact the relative shape of the weighting strategy. Overall percent correct scores were 59% and 75% for the −13 and −8 dB SNR midpoints, respectively ͑see Fig.  7͒ . Although overall performance differed by 16%, the shapes of the weighting strategies were similar.
To assess whether weighting strategies remained stable over time, one listener, NH2, was tested two times three months apart. Collecting data at these two different intervals had minimal effect on the shape of the weighting strategy ͑see Fig. 8͒ . This testing also provided information regarding the feasibility of testing a listener using the same set of sentence stimuli twice. Using the same set of sentences, the listener's overall percent correct scores only differed by 3%.
III. EXPERIMENT II

A. Methods
The purpose of Experiment II was to make a comparison between the spectral-weighting results reported for nonsense syllables in Turner et al. ͑1998͒ and those for sentences. Sentence stimuli were filtered into the same four spectral bands as those used by Turner et al. ͑1998͒. These bandwidths were generated based on frequency-importance functions reported for the UCLA version of the Nonsense Syllable Test ͑NST͒ ͑Dirks et al., 1990͒ and were used to divide the NST into four approximately equal intelligible bands. The bands used for Experiment II are shown in Table III .
Subjects
Five listeners ͑mean age of 22, ranging from 19 to 26 years͒ with normal hearing ͓Յ15 dB HL between 250-8000 Hz ͑ANSI, 2000͔͒ participated in Experiment II. Four of the five listeners also participated in Experiment I.
Experimental conditions
Stimulus generation, procedures and analyses were identical to those used in Experiment I with two exceptions. First, the Harvard/IEEE sentences and the noise were filtered in MATLAB using the four frequency bands listed in Table III . Second, only 400 sentences ͓2000 keywords ͑400 sentences ϫ 5 keywords͔͒ were used to derive the spectral weighting strategies. Experiment II was completed in 1 2-h session.
B. Results
Point-biserial correlations obtained from the five listeners who participated in Experiment II are shown in Table IV . A comparison of point-biserial correlation coefficients indicated that weighting strategies across listeners were very similar. In this experimental condition the greatest amount of weight was placed on band 1. Regression analyses indicated all five of the listeners tested in Experiment II demonstrated stable weighting strategies by approximately 200 trials ͓1000 FIG. 6. Mean relative weighting strategies for six listeners based on two different scoring methods. The five-keyword scoring method allowed the examiner to score each keyword with either a 1 ͑correct͒ or a 0 ͑incorrect͒. The sentence-scoring method scored the entire sentence, i.e., a correct score entailed all five keywords within the sentence repeated correctly ͑score =1͒, otherwise that sentence was incorrect ͑score= 0͒. Error bars are indicative of one standard deviation of the normalized mean.
FIG. 7.
Relative weighting strategies for listener NH17, who was tested with two different SNR midpoint values, −13 and −8 dB. Overall percent correct scores differed by 16% using these different midpoint values ͑scores were 59% and 75%, respectively͒. Chiswick, 1975͒ indicated that band 1 was weighted significantly greater compared to bands 2, 3, and 4; however, these three bands were not weighted significantly differently from each other. Listeners' overall percent correct scores ͑ranging from 70.0 to 83.0% correct͒ and the SNR midpoints ͑ranging from −6 to −2 dB͒ used to generate these scores are shown in Table IV . The averaged normalized weighting strategy for all five listeners is shown in Fig. 9 and is compared to the average normalized weighting strategy reported in Turner et al. ͑1998͒. Similar to Turner et al. ͑1998͒, our listeners placed the most weight on the information in band 1, however, for sentence stimuli band 3 was not weighted as highly as it was for NST stimuli. When interpreting the results of Experiment II it should be noted that the cutoff frequencies of the bandwidths were based on the frequency-importance functions for nonsense syllables ͑not sentences͒ to produce equal AI values in each of the four bands.
IV. DISCUSSION
Spectral-weighting strategies for sentences were measured for listeners with normal hearing. Two experiments were designed to determine how listeners use spectral information to identify sentences ͑Experiment I͒ and evaluate how listeners weight spectral information in sentences in comparison to nonsense syllables ͑Experiment II͒. The frequency ranges of the five bands in Experiment I were computed based on previously reported AI/SII frequencyimportance functions for sentences, which is consistent with the approach other studies have used to apply the correlational method to speech ͑Apoux and Bacon, 2004; Doherty and Turner, 1996; Turner et al., 1998͒. In the present study the bands were divided so that each would theoretically contribute approximately 20% intelligibility. However, listeners did not place equal weight on each band, rather they consistently weighted bands 2 ͑562-1113 Hz͒ and 5 ͑2807-11,000 Hz͒ the greatest.
Listeners' weights were consistent across trials and test sessions. All 15 listeners in Experiment I established a consistent weighting strategy by as few as 200 trials. One listener, NH2, was tested three months apart during Experiment I with the same set of sentences and the same SNR midpoint. NH2's weighting strategy was the same and her overall percent correct scores differed by only 3% ͑see Fig. 6 in Results section͒ across the two sessions. Learning effects were likely reduced because a large number of low-context sentences, degraded with noise, were used throughout testing. Based on the lack of learning effects demonstrated by NH2, four listeners from Experiment I were chosen to participate in Experiment II. Similar to NH2, an interval of at least three months elapsed between experimental test sessions for each listener that participated in both experiments.
Since learning could also take place within a test session ͑even though different sentences were presented on each trial͒ a comparison was made between the performance across the first 100 trials to that of all of the trials. On average, intelligibility scores for all listeners in Experiments I and II improved by 2.0% and 0.5%, respectively. The relative shape of the listener's weighting strategy was not greatly affected by the overall percent correct score as long as there was not a ceiling or floor effect.
The similarity and stability of weighting strategies for sentences across listeners, time, and performance level is consistent with previous studies. Turner ͑1996͒ and Turner et al. ͑1998͒ reported that listeners with normal hearing used similar weighting strategies to identify NST stimuli. In fact, Turner et al. ͑1998͒ suggested that the consistency across listeners could imply that a "normal" listening strategy exists. All listeners used a similar weighting strategy to perform the sentence recognition task in Experiments I and II. Based on the consistency of listeners' weighting strategies demonstrated in these experiments, a normal listening strategy may also exist for sentences. The purpose of Experiment II was to compare spectral weights for sentences with those previously reported for NST stimuli ͑Turner et al., 1998͒. The comparison was made because the two studies generated their stimuli in the same way, used the correlational method to obtain weights and used the same four spectral bands ͑i.e., four spectral bands of equal intelligibility based on previously reported AIweighting functions for the NST͒. However, there were some small differences between the two studies. For example, in Turner et al. ͑1998͒ listeners were tested monaurally under headphones, the level of the NST was fixed at 70 dB SPL, NST stimuli were spoken by both a male and female speaker, and the SNRs were chosen from a range of 24 dB with a 2 dB step size. In the present study, listeners were tested in the sound field, the level of the sentences was fixed at 75 dB SPL, Harvard/IEEE stimuli were spoken by a female speaker, and SNRs were chosen from a 13 dB SNR range with a 3 dB step size.
Results from Turner et al. ͑1998͒ indicated that listeners placed significantly greater weight on bands 1 and 3 in comparison to bands 2 and 4 when recognizing NST stimuli. In the present study, listeners in Experiment II weighted the spectral information in band 1 ͑100-1120 Hz͒ the greatest. Bands 2, 3, and 4 were not weighted significantly different from each other. Differences observed between the weighting strategies obtained in Experiment II and those reported in Turner et al. ͑1998͒ could have been due to the difference in the speakers used in the two studies. In Experiment II, sentences were spoken by a female speaker, whereas in Turner et al. ͑1998͒ the NST was spoken by both a male and female speaker. The addition of the male speaker may have reduced the weight in the higher frequencies. However, the spectral resolution provided by only four bands was probably not sensitive enough to measure such a small effect. Interestingly, listeners did not place equal weight across the spectral bands in either study. Turner et al. ͑1998͒ suggested that the main reason their results differed from the results of AIimportance functions ͑i.e., equal weight placed across the spectral bands͒ was that when using the correlational method listeners had the entire speech spectrum available, whereas in experiments using filtering techniques only the high-or lowpass filtered speech spectrum was available. Results from the present study also suggest that listeners use spectral information differently depending on the condition in which the spectral information is presented to them ͑e.g., broadband vs. filtered͒.
A comparison between the spectral weights obtained in Experiments I and II in the current study was made in an attempt to better understand the effect spectral divisions of the bands and the number of bands may have on weighting strategies. However, first recall that, although sentences were used in both Experiments I and II, the cutoff frequencies used to generate the spectral bands for Experiment I were based on previously reported importance functions for sentences, whereas the cutoff frequencies for Experiment II were based on the AI importance functions for NST. In Experiment I the highest frequency band was band 5, which included frequencies between 2807and 11,000 Hz. However, band 4 was the highest frequency band in Experiment II ͓bandwidths based on the Turner et al. ͑1998͒ paper͔ and included frequencies between 3501 and 10,000 Hz. Thus, all of the frequency information in band 4 of Experiment II was included in band 5 of Experiment I. In addition, band 5 of Experiment I also included frequencies between 2807 and 3501 Hz. Listeners in Experiment I placed relatively greater weight on the highest frequency band ͑band 5͒, but in Experiment II they did not place relatively greater weight on the highest frequency band ͑band 4͒. Instead listeners placed their greatest weight on the lower frequency information ͑band 1͒. It is unclear why the listeners did not weight the highest frequency information consistently. Again, information between 2807 and 3501 Hz was included in band 5 of Experiment I, but not in band 4 of Experiment II. Perhaps listeners were able to use the higher frequency information present in both bands with the information within the 2807-3501 Hz range to make it more useful in Experiment I. Another possibility is that band 5 in Experiment I simply included more spectral information regarding fricatives, plosives and voicing, as well as information from the third formant ͑and possibly some second-formant information͒ that allowed it to be more useful when presented in the same band.
It is easier to interpret the differences in weights observed in Experiments I and II at the lower frequencies due to the spectral overlap within the lower frequency bands. In Experiment I, band 2 was weighted the highest, whereas band 1 was weighted the highest in Experiment II. All of the spectral information in band 2 of Experiment I was also present in band 1 of Experiment II. Thus, it is probable that the low frequency information in band 1 that listeners found so useful in Experiment II was the same spectral information that listeners placed a relatively high weight on in band 2 of Experiment I ͑ϳ562-1120 Hz͒. This spectral region most likely contained F1 and F2 information. Bands 3 and 4, in Experiment I, were spectrally comparable to band 2 in Experiment II, and similarly were not weighted significantly greater than any of the other bands.
Due to the different results of Experiments I and II it is apparent that large disparities in spectral divisions will affect the shape of a weighting strategy. Interestingly, pilot testing conducted prior to experimental testing indicated that small differences in cutoff frequencies do not have a significant effect on the shape of the relative weighting strategy of normal-hearing listeners. In fact, varying the cutoff frequencies by as much as 750 Hz ͑in bands 3, 4 and 5 of Experiment I͒ had no effect on the shape of the weighting strategies. Thus, the actual number of bands may play a more critical role than the specific cutoff frequencies of the bands. To determine if this is a plausible explanation, one would need to experiment with a larger number of bands and vary the bandwidth of the filters.
The above discussion and the results from Experiments I and II suggest that listeners use spectral information in different ways depending on how it is presented to them. War-ren et al. ͑2005͒ also reported that listeners use spectral information differently depending upon what other spectral information is presented in tandem. They found that the relationship between intelligibility and audibility differed when information was presented in octave bands in isolation versus in nonadjacent and adjacent octave band pairs. Specifically, they showed that spectral information within octave bands was not purely additive but instead synergistic. In other words, when listeners were allowed to combine information that they previously heard separately ͑within one isolated octave band͒, their intelligibility scores did not simply add together from the isolated conditions, rather their scores were higher than a simple additive effect.
Thus, it appears that when listening in a broadband condition, listeners are able to combine spectral information to make it more useful than if the information had been presented in isolation or in narrower bands, such as in the AI/SII method.
Weighting strategies indicate how spectral information within a given band contributed to a listener's performance on a task. However, one limitation of using the correlational method is that the testing must be done in the presence of background noise or some other method of degrading the signal. The presence of background noise likely influences the importance of spectral information in speech ͑e.g., Hogan and Turner, 1998; Turner and Henry, 2002͒ . For example, high frequency speech cues, such as those used for place, are generally less intense, aperiodic, and more vulnerable to noise than low frequency cues. Thus, these cues would be masked in the lower SNR conditions more than other cues, such as voicing and nasality, which occur over a wider frequency range of the speech spectrum and are more intense ͓see Rosen and Fourcin ͑1986͒ for a detailed review͔. Nevertheless, the main advantage of using the correlational method is that the entire speech spectrum, though partially degraded, is always available to the listener, and thus listeners are able to take advantage of redundant speech cues while performing the task. It should also be noted that listening in a noisy condition is not only more realistic to real-life listening environments, but is also the condition in which listeners with hearing impairment ͑Alacantara et al., 2003; Kochkin, 2005; Ricketts and Dhar, 1999; Schum, 2000͒ and hearing aid users ͑Dhar et al., 2004; Gordon-Salant and Fitzgibbons, 1997; Nordrum et al., 2006; Plyler and Fleck, 2006͒ have the most difficulty. Thus, a listener's spectral weighting strategy may provide useful information when fitting hearing aids and cochlear implants. However, further research in this area is needed before such clinical applications could be seriously considered.
V. SUMMARY AND CONCLUSIONS
The results from Experiments I and II indicate that reliable weighting strategies can be obtained for sentences using the correlational method. While listening to sentences in a broadband listening condition, listeners weight spectral information differently than they do in a filtered-listening condition ͑such as the AI/SII͒. The consistency across listeners' weighting strategies suggests there is a "normal" listening strategy that listeners with normal hearing tend to use to process spectral information in sentences. Further research is needed to determine how listeners with hearing loss weight spectral information in broadband-listening conditions in comparison to normal-hearing listeners. With further research there is potential for this information to be helpful in identifying the frequency response of a hearing aid and the spectral information that should be mapped to specific cochlear implant channels.
